Endothelin-2 is a hypoxia-induced autocrine survival factor for breast tumor cells.
Endothelins (ETs) are a group of vasoactive peptides (ET-1, ET-2 and ET-3) produced by many cell types that bind to G-protein-linked transmembrane receptors, ET-A receptors (ET-RAs) and ET-B receptors (ET-RBs). These peptides are expressed in several human tumors, including carcinomas of the breast, and have a mitogenic effect in ovarian cancer cell lines. We investigated ET expression in infiltrating ductal carcinomas (IDCs) of the breast and the relationship between ET and hypoxia. ET staining was increased in human grade II IDC samples compared with normal breast tissue. ET-2 and ET-RB mRNA expression were absent in the majority of normal human breast samples (1 of 5 and 0 of 5, respectively) but was present in the majority of IDC tested (13 of 15 and 12 of 15, respectively). In a murine breast cancer model, HTH-K, ET-2, and ET-RB mRNA were detected in tumor but not normal breast tissue, and ET expression colocalized with areas of hypoxia. In vitro, ET-2, ET-RA, and ET-RB mRNA were increased by incubating HTH-K cells in hypoxia (0.1% oxygen) for 24 h. Hypoxia also up-regulated ET-2 mRNA in several human breast tumor cell lines. ET-2 mRNA increased within 3 h in a hypoxia-inducible factor 1-dependent manner. The ET-RB antagonist BQ-788 increased in hypoxia-associated apoptosis of breast tumor cells in vitro. These effects could be reversed by addition of ET-2 peptide. Intratumoral injection of BQ-788 led to an increase in the development and extent of necrosis within the HTH-K tumor and a decrease in the rate of tumor growth. The ET-RA antagonist, BQ-123, also led to a decrease in tumor growth but without a concomitant increase in necrosis. We propose that modulation of ET-2 production via the hypoxia-inducible factor 1 transcription factor and autocrine signaling via ET-RB is a novel mechanism by which tumor cells can withstand hypoxic stress. Treatment of breast carcinomas with ET receptor antagonists may have a therapeutic benefit.